Dental burs may become heavily contaminated with necrotic tissue, saliva, blood and potential pathogens during use. 4 Burs have a complex architecture that makes pre-cleaning and subsequent sterilisation difficult to achieve. 5 Published studies have investigated artificially contaminated instruments subjected to various cleaning techniques. Soaking in chemical germicides does not decontaminate burs. 6, 7 Ultrasonication with or without chemical disinfectant solutions, even with pre-soaking, is insufficient to remove all contamination. 8, 9 In addition to the risk of cross-infection between patients due to inadequate sterilisation, puncture wounds caused by dental burs are not uncommon, both in use and during cleaning, leading to a risk of transmission of disease between patients and dental personnel. 10 Previous research has concentrated on corrosion and deterioration of cutting efficiency of burs as a result of chemical disinfection and autoclaving. 11 A multiphase decontamination process has been suggested for dental burs, but there are no published results to support this recommendation. 12 An audit of infection control procedures demonstrated that some general dental practitioners fail to pre-clean burs prior to autoclaving and that a significant proportion of dentists rely on disinfection only. 13 The purpose of this investigation was to qualitatively and quantitatively assess bacterial and fungal contamination of three different types of burs used for cavity preparation in general dental practice. An assay system was devised for comparison of the efficacy of various methods of pre-cleaning and sterilising dental burs in order to establish a suitable method for decontamination of burs used in dental practice. The pre-sterilisation cleaning methods selected for inclusion in this study were manual cleaning, enzymic agents and washer-disinfectors. Ultrasonication was not included because previous research has shown that this method failed to remove blood and tooth debris from contaminated burs. 14 
MATERIALS AND METHODS

Dental burs
The dental burs used in this study were the No.541 diamond bur, (Hi-Di, Dentsply Ltd, Weybridge, Surrey), No.8 round head carbon steel bur (UnoDent, Witham, Essex) and No.246 tungsten carbide bur (Jet, Kerr Dental, Orange, California, USA). The bur types tested were the best-selling varieties of burs identified by major dental supply companies.
 Used dental burs may be contaminated with potentially pathogenic micro-organisms.  Autoclaving alone fails to completely decontaminate burs.  Manual cleaning is not as effective as other methods of pre-sterilisation cleaning.  Enzymic agents may have a role in the decontamination process.  Washer-disinfectors are the most effective method of pre-sterilisation cleaning for contaminated dental burs.
I N B R I E F
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VERIFIABLE CPD PAPER Sampling
An unused bur was placed in a sterilised handpiece using sterile tweezers and was used for cavity preparation. The site and nature of the cavity preparation done and the length of time that the bur was in contact with the tooth were noted. After use, the bur was removed from the handpiece with sterile tweezers and placed in a Transwab sterile tube (Medical Wire and Equipment Co. Ltd., Corsham, Wiltshire) for transfer to the laboratory; no longer than 3h elapsed between bur use and laboratory testing. An unused bur of the same type as used for tooth preparation was placed in a sterile tube of transport medium as a control. Ten burs of each type were tested.
Microbiology
Each bur was removed from the transport tube and placed in a sterile 5 ml glass bottle containing 2 ml Brain Heart Infusion (BHI) broth (Lab M, Bury, Lancashire). The bottle was vortexed for 90 s. Four 100 ml samples were taken from each bottle. Duplicate 100 ml samples were plated onto 5% (v/v) horse blood Chocolate Agar and incubated at 37°C in 5% (v/v) CO 2 for 5 d. The remaining 100 µl samples were plated out on Fastidious Anaerobic Agar (FAA) and incubated at 37°C in an anaerobic cabinet (Don Whitley Scientific Ltd., Shipley, West Yorkshire) for 5 d. A colony count was then done for each plate. The mean number of colony forming units per ml (CFU ml -1 ) was calculated by adding the colony counts from each plate dividing the sum by four and then multiplying the mean count by twenty. Presumptive identification of the various bacteria and yeasts present was done by Gram staining and subculture of single discrete colonies. Streptococci were identified using the API-20 strep system, staphylococci with the API-20 staph system, anaerobes with the API-32 A system and yeasts with the API-32 C system (API-bioMerieux Ltd, Basingstoke, Hampshire).
Decontamination assay
The test bacterium used was Streptococcus sanguis NCTC 7863. On receipt, this strain was grown on 5% (v/v) Columbia Blood agar base No.1 (Oxoid, Basingstoke, Hampshire) in an atmosphere of 5% (v/v) CO 2 at 37°C for 18 h. For long-term storage, the bacteria were maintained by lyophilisation. For immediate use S. sanguis was subcultured every 14 d. After four subcultures, the bacteria were replaced from freeze-dried ampoules to ensure that phenotypic characteristics were constant and unchanged by repeated subculture. A total viable count (TVC) was done by dilution on an overnight culture of S. sanguis incubated at 37°C in BHI broth which was then dispensed into 20 samples of 1 ml in sterile 1.5 ml micro-centrifuge tubes (Elkay Eireann, Costelloe, County Galway, Eire). The samples were centrifuged for 5 min in a Micro Centaur centrifuge (Thermo Optek UK, Crawley, Sussex). The supernatant was discarded and the pellet used. Forty-one unused burs were placed in a sterilised bur stand. The working end of each bur was contaminated with 1 µl of culture slurry. The culture was allowed to air dry for 15 min under a sterile glass beaker. Ten burs were further challenged with 1 µl of filtered human saliva. Saliva for this purpose was collected from one volunteer (CLW) and filtered through a sterile 0.2 nm glass fibre filter (Sartorius Instruments Ltd, Belmont, Surrey) into a sterile 1.5 ml sterile micro-centrifuge tube. The additional contaminant for a further ten burs was 1 µl of defibrinated horse blood and for the remaining ten was 1 µl of a 50% (v/v) mixture of filtered human saliva and defibrinated horse blood. The additional contaminants were allowed to air dry for 15 min. The remaining eleven burs were not additionally contaminated. One bur from this latter group was used as the control.
Viable bacteria were recovered by placing contaminated burs individually in sterile 5 ml glass bottles containing 2 ml of BHI broth and vortexing the contents for 90 s. Samples of 100 µl from each bottle were plated out in duplicate by spreading the sample onto horse blood agar using a sterile glass spreader and incubated for 48 h in an atmosphere of 5% (v/v) CO 2 . The TVC in colony forming units per ml (CFU ml -1 ) was calculated.
Decontamination methods
Downward displacement (non-vacuum) autoclaving
Contaminated burs of each type were placed in sterile bur stands and autoclaved for 3.5 min at 134°C, unwrapped, in a GE224c VAC/Citomat 164 autoclave (Getinge, Skarhamn, Sweden). After autoclaving, the burs were allowed to cool to room temperature before placing in separate sterile bottles containing 2 ml BHI broth. One hundred burs of each type were tested.
Manual scrubbing
The effectiveness of manual scrubbing was investigated using a bur brush (Ash instruments, Dentsply Ltd, Weybridge, Surrey). Forty contaminated burs of each type were subjected to forty strokes of the bur brush by holding the bur with a sterile glove and brushing from the shank end to the working end. This technique was done in air and under water, the latter by immersing the bur in a large glass beaker containing tap water. The combined effect of manual scrubbing in air and autoclaving was tested on a further forty burs.
Enzymic agents
Enzymic agents contain proteases, lipases and amylases and are designed to digest organic debris, including bacteria.
The efficacy of soaking in two enzymic agents was tested. Gigasept Enzymatic (Schulke & Mayr GmbH, Norderstedt, Germany) and Alkazyme (Alkapharm UK, Penkridge, Staffordshire, UK) were dissolved in warm tap water at the concentration recommended by each manufacturer. Forty contaminated burs of each type were immersed in the solutions. Those burs immersed in Gigasept Enzymatic were soaked for 15 min and those in Alkazyme for 5 min, according to the manufacturers' instructions for use. After soaking, the burs were rinsed four times in purified water before placing in separate 2 ml bottles of BHI broth. The effectiveness of a combination of soaking in enzymic agents followed by autoclaving was also tested.
Washer-disinfectors
Washer-disinfectors for medical and dental use have a washing cycle for removing patient debris and a disinfection cycle that raises the temperature to a level that will destroy vegetative microorganisms. Washer-disinfectors must conform to BS 2745 and HTM 2030.
The machines tested were the Medisafe HSC-032 and the Miele G 7830 TD. Manufacturers' instructions were followed throughout processing. The cleaning agent used in the Medisafe HSC-032 was Decono-zyme gel, a mixed enzyme solution with isopropanol, monopropylene glycol and surfactants. The water softener was AWT liquid, containing sequestrants, citric acid and a wetting agent. The Miele G 7830 TD programmes were run using the Neodisher mediclean, whose ingredients include anionic surfactants, nitrilotriacetic acid and enzymes. Forty contaminated burs of each type were tested. The burs were placed in sterilised bur stands and processed on the lower shelf in each of the washer-disinfectors.
Calculation of log reduction
For each decontamination technique tested, one control bur was contaminated with S. sanguis only and allowed to air dry. Viable bacteria were recovered and the TVC calculated. The TVC of S. sanguis from each test bur was determined. Log reduction (LR) in contamination was calculated using the following method: LR = Log (TVC control) -Log (TVC test). 15 
Statistical analysis
The data were entered into an SPSS (Statistical Package for Social Sciences for Windows, Chicago, Illinois, USA) database and analysed. A Kolmogorov-Smirnov test was conducted to establish whether the data was normally distributed. Non-parametric tests (Kruskal-Wallis and Mann-Whitney) were used to investigate any statistical differences between the median LRs for the pre-sterilisation cleaning methods.
RESULTS
Contamination of used dental burs
The numbers of viable micro-organisms recovered from burs contaminated in general dental practice varied considerably between the different bur types. The TVC recovered from carbon steel No.8 round head burs ranged from 0 to 6.92x10 4 CFU ml -1 , with a mean of 1.17x104 CFU ml -1 . The No.246 tungsten carbide burs produced TVCs ranging from 0 to 5.75x10 4 CFU ml -1 . The mean TVC was 1.51x10 4 CFU ml -1 . The TVC of bacteria from the No.541 diamond burs ranged from 0 to 2.86x10 3 CFU ml -1 , with a mean of 3.07x10 2 CFU ml -1 . The species of bacteria and fungi recovered from burs used in dental practice are shown in Table 1 .
Decontamination assay
The TVC of the S. sanguis culture used to inoculate test burs ranged from 4x10 7 CFU ml -1 to 6.72x10 10 CFU ml -1 , with a mean of 3.96x10 9 CFU ml -1 . The TVC of bacteria recovered from untreated control burs ranged from 1.1x10 6 CFU ml -1 to 1.48x10 9 CFU ml -1 , with a mean of 1.96x10 8 CFU ml -1 .
Autoclaving alone failed to kill all test bacteria inoculated onto No.8 carbon steel round head burs and No.541 diamond burs (see Figures 1 and 2) . Additionally, the presence of blood, or blood and saliva as additional contaminants increased the number of burs from which viable bacteria were recovered. No viable bacteria were recovered from contaminated No.246 tungsten carbide burs following autoclaving.
The results of the Kolmogorov-Smirnov test showed that the data was not normally distributed, so non-parametric tests were conducted to compare the median LRs of the six different pre-sterilisation cleaning methods. A Kruskal-Wallis test comparing the pre-sterilisation methods for all bur types and contaminants added showed a statistically significant difference (p<0.001) in the median LR achieved between all the techniques tested. Comparison of the difference in median LR achieved between the pre-sterilisation cleaning techniques for each bur type and contaminant added was done using a series of Mann-Whitney tests. The p-values for these tests are summarised in Table 3 . By comparing medians, it was possible to show which pre-sterilisation cleaning test produced a greater log reduction in viable streptococci.
Manual scrubbing using a bur brush was significantly more effective when performed under water than in the air (p<0.001) in most cases, with the exception of tungsten carbide and carbon steel burs contaminated with streptococci and blood and diamond burs contaminated with streptococci and saliva or a mixture blood and saliva. A combination of manual scrubbing and autoclaving rendered all test bacteria non-viable. The enzymic agents proved very effective in reducing the numbers of viable bacteria. There was a significance difference (p<0.001) in the median LR achieved between Gigasept Enzymatic and Alkazyme from tungsten carbide and diamond burs where the contaminant was streptococci and blood; Alkazyme was significantly more effective than Gigasept Enzymatic. A combination of immersion in enzymic agents and autoclaving killed all inoculated test bacteria. Both washer-disinfectors killed all inoculated test bacteria and both were significantly more effective (p<0.001) than manual scrubbing in air for all bur types and contaminants added. There was a significant difference (p<0.001) between the Miele G7830TD washer-disinfector and the Medisafe HSC-032 machine for all bur types and contaminants added, with the Miele achieving a greater median LR in viable bacteria in all cases. It should be noted that the TVC of the bacterial challenge was greater for the tests using the Miele washer-disinfector than for the Medisafe machine. The median LR in TVC of bacteria achieved by the different precleaning techniques investigated for each bur type and nature of contaminant is shown in Table 2 and illustrated graphically in Figures 3-5 .
DISCUSSION
In this study, most of the used burs from dental practice were contaminated with potentially pathogenic species of bacteria and fungi. All used dental burs are a potential source of cross-infection and should be appropriately decontaminated prior to reuse.
The common presence of the facultative anaerobe, Streptococcus sanguis, from used dental burs influenced the selection of this bacterium as the test organism for the assay method. It is a recognised human pathogen and has been identified as the causative organism in bacterial endocarditis and meningitis. 16, 17 S. sanguis possesses specific proteins for binding to salivary, plasma and platelet proteins. [18] [19] [20] It adheres to hydroxyapatite, composite restorative materials and metals, including dental amalgam, gold and non-precious alloys. 21, 22 Rough or hydrophobic surfaces are preferentially colonised by S. sanguis. 23, 24 S. sanguis therefore binds not only to the bur and any tooth tissue and restorative material contaminating its working end, but also to any salivary or blood proteins present. An effective pre-sterilisation method for dental burs must be capable of removing this tenacious bacterium. The method used for contaminating burs in this study simulates the clinical situation by using a commonly identified bacterial contaminant of used dental burs as the test organism, though in greater numbers than would be encountered in a clinical setting. The additional contamination of blood and saliva, or a mixture of blood and saliva simulates the likely contamination encountered during operative dental procedures.
This study showed that autoclaving alone was not effective in decontaminating carbon steel or diamond dental burs. The tungsten carbide burs produced no viable test bacteria after autoclaving alone, presumably because tungsten carbide does not provide a suitable substrate for binding of S. sanguis. Only the working end of each bur was contaminated in the study, but it should be noted that welded joints are susceptible to bacterial adherence, so contamination of this part of the bur could constitute a cross-infection risk. 25 Although manual scrubbing using a bur brush under water proved an effective method of pre-sterilisation cleaning for No.8 round head carbon steel burs and No.246 tungsten carbide burs when diligently applied, it proved a far less efficacious method for cleaning No.541 diamond burs. Diamond burs have a more complex architecture and may therefore be more difficult to clean using a bur brush. Manual scrubbing is extremely operator sensitive and may produce inconsistent results. It should not be recommended as a pre-sterilisation technique for dental burs due to the serious risk of cross-infection from puncture wounds, particularly to support staff. Enzymic agents were very effective in reducing the TVC of inoculated bacteria, but their use is operator-dependant. Noncompliance with manufacturer's guidance on correct dilution of the agent, or immersion for shorter periods than recommended may adversely affect their efficacy. Continued use of the same solution throughout the day might result in recontamination of instruments already immersed and may also be detrimental to its effectiveness. Further research into the use of enzymic agents for pre-sterilisation cleaning of dental instruments is required.
The washer-disinfectors investigated in this study rendered all test bacteria non-viable. Burs contaminated in practice may harbour spore-forming bacteria and blood-borne viruses that may not be killed by a washer-disinfector and should be autoclaved after pre-cleaning. Washer-disinfectors have a reproducible closed cycle, require minimal handling of soiled instruments and may be verified by print-out, if the machine has a printer fitted. In this study, they were the most effective method of pre-sterilisation cleaning.
The ideal method of pre-sterilisation cleaning requires minimal handling of used instruments, does not create an aerosol of patient debris and produces a consistent, verifiable reduction in contamination. Every instrument is subjected to exactly the same, nonoperator-sensitive, closed cycle and a printed readout allows the process to be validated. Practitioners should consider the risk to their staff when adopting infection control procedures. In light of the risk of puncture wounds and the non-verifiable nature of manual cleaning, practitioners should be discouraged from continuing to use this technique. It is suggested that enzymic agents should be confined for use immediately post-operatively, for immersion of instruments prior to a verifiable method of pre-sterilisation cleaning. The authors recommend the use of washer-disinfectors for pre-sterilisation cleaning of contaminated dental burs.
